Phylogenetic implications of the structure of the alimentary tract of the Aphidoidea. I and II. by Ponsen, M.B.
WAGENINGEN AGRICULTURAL UNIVERSITY PAPERS 
90-4(1990) 
Phylogenetic implications of the 
structure of the alimentary tract of the 
Aphidoidea 
I. Greenidea, Israelaphis and 
Neopyllaphis 
II. The Aphis-gxouQ 
M. B. Ponsen 
Laboratory of Virology, 
Agricultural University Wageningen, The Netherlands 
W a g e n i n g e n MM A g r i c u l t u r a l U n i v e r s i t y 
\yn S2.\ ^ •'•> 
Cip-data Koninklijke Bibliotheek, Den Haag 
Ponsen, M.B. 
Phylogenetic implications of the structure of the alimentary tract of the Aphidoi-
dea / M.B. Ponsen. 
Wageningen: Agricultural University. - 111. - (Wageningen Agricultural Univer-
sity papers, ISSN 0169-345X; 90-4(1990) 
Contains: I. Greenidea, Israelaphis and Neopyllaphis; II. The Aphis-group. -
With ref. 
ISBN 90-6754-169-9 
SISO 597.89 UDC 595.75:591.132 NUGI835 
Subject headings: aphids / histology / Lightmicroscopy. 
ISBN 90-6754-169-9 
NUGI 835 
© Agricultural University Wageningen, The Netherlands, 1990 
No part of this publication, apart from abstract, bibliographic and brief quo-
tations embodied in critical reviews, may be reproduced, re-corded or published 
in any form including print, photocopy, microform, elektronic or elektromagne-
tic record without written permission from the publisher Agricultural Universi-
ty, P.O.Box 9101, 6700 HB Wageningen, the Netherlands. 
Printed in the Netherlands by Drukkerij Veenman B.V., Wageningen 
BIBLIOTHEEK 
LAJSDBOIJWUNIVERSITEIl 
SPAGENINGEN 
Contents 
Part I. Greenidea, Israelaphis and Neophyllaphis 
Introduction 
Materials and methods 
Results 
Discussion 
Summary 
Acknowledgements 
References 
Abbreviations used in figures 
3 
3 
4 
12 
17 
17 
18 
19 
Part II. The Aphis-group 21 
Introduction 
Materials and methods 
Results 
Discussion 
Summary 
Acknowledgements 
References 
Abbreviations used in figures 
23 
23 
25 
43 
48 
49 
49 
51 
y m\ mo 
CB-KARDEX 
Part I. Greenidea, Israelaphis, and 
Neophyllaphis 
Introduction 
In Börner's classification of aphids the genus Greenidea is assigned to the family 
Chaitophoridae, and the genus Neophyllaphis to the family Thelaxidae (Borner 
and Heinze, 1957). Eastop (1961) places Israelaphis in the subfamily Greenidei-
nae, whereas Ilharco (1966) assigns it to the Drepanosiphidae. 
The digestive system of both the thelaxids, Glyphina and Thelaxes (Figure 
6A), and that of the Chaitophoridae (Figure 6B and C) is structurally primitive 
(Ponsen, 1982, 1983). In the Callaphididae sensu Borner (Chaitophoridae + 
Callaphididae = Drepanosiphidae of Heie, 1980, 1982) three groups of aphid 
species occur (Figure 6D-J), two of which have a complicated digestive system 
(Ponsen, 1987a). 
This article presents the results of an anatomical study of the alimentary canal 
of species of Greenidea, Israelaphis, and Neophyllaphis and discusses its relevance 
to the higher classification of these three genera. 
Materials and methods 
Specimens of the species listed in Table 1 were collected from their host plants 
and put into Duboscq-Brasil's fluid. After fixation the aphids were dehydrated 
in a series of ethanol and in methyl benzoate, stored in methyl benzoate celloidin 
(2%) for three days or longer, and then in toluene and finally embedded in parap-
last. Serial sections, 5-10 urn thick, were stained in Ehrlich's haematoxylin-eosin 
or in modified Calberla's methylgreen solution for one hour. After staining the 
sections were rinsed in tap-water, dehydrated in a series of ethanol and in methyl 
benzoate, cleared in xylene, and finally mounted in xylene-dammar. 
The sections were examined under a Wild M20 phase microscope and the 
drawings made with the aid of a Wild drawing tube. 
Table 1. List of aphids studied, their hostplant, and relevant locality data. 
Aphid Hostplant Locality 
Greenidea eugeniae Takahashi 
Greenidea formosana (Maki) 
Greenidea sp. 
Israelaphis carmini Essig 
Israelaphis lambersi Ilharco 
Israelaphis sp. (40 tubercles) 
Neophyllaphis grobleri Eastop 
Eugenia jambalana 
Psidium guajava 
Eugenia jambalana 
Anisantha rigida 
Avena saliva 
Anisantha rigida 
Podocarpus sp. 
Gujranwala (Pakistan), 8.III.1980 
Dacca (Bangladesh), 17.11.1981 
Dacca (Bangladesh), 2.III.1981 
Cascais (Portugal), 9.III.1981 
Beja, Beringel (Portugal), 21 .II. 1983 
Sintra (Portugal), 4.1.1983 
Pretoria (South Africa), XII. 1982 
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Results 
The alimentary tract starts with the food canal that is formed by the interlocked 
maxillary stylets. Each stylet originates from a retort-shaped organ situated in 
the posterior part of the head. After leaving the head the stylets cross over into 
the longitudinal labial groove and run along it to the extremity of the rostrum. 
The stylet bundle shows in its way a torsion of 180 °. 
The food canal leads into the pharyngeal duct that is formed by the epipharynx 
and the hypopharynx lip. The pharyngeal duct is separated from the pharyngeal 
pump by a valve, of which both the dorsal and ventral walls are marked by 
two cuticular dome-shaped prominences. The structure of the pharynx, includ-
ing the muscles of the valve and the pump, is identical to that of Myzus persicae 
(Sulzer) (Ponsen, 1987a). 
The epipharyngeal gustatory organ comprises 14 sensillary pores, of which 
eight pores are arranged in a row situated in the epipharynx of the pharyngeal 
duct. Six sensillary pores are located in the dorsal wall of the pharyngeal valve, 
three on each side of the two insertions of the cuticular tendons to which the 
divaricator muscles of the pharyngeal valve are attached. The hypopharyngeal 
gustatory organ comprises 4 sensillary pores of which two are present in the 
hypopharynx of the pharyngeal duct just anterior to the valve. The two other 
pores are located at the foot of the salivary pumpstem. Identical structures are 
present in Anoecia, (Ponsen, 1987b), Phloeomyzuspasserinii (Signoret), Paoliella 
terminaliae (Hall), and in the thelaxids Glyphina and Thelaxes (Ponsen, 1982). 
The pharyngeal pump passes into the foregut, oesophageal valve, midgut, 
and rectum terminating at the anal opening (Figure 1). The midgut is the longest 
part of the alimentary tract and comprises the stomach, intestine, and descen-
ding intestine. The total length of the gut is about twice that of the aphid's body. 
The entire gut is surrounded by circular muscle cells which lie adjacent to the 
epithelium. Only the descending intestine has longitudinal muscles external to 
the circular (Figure 2 and 3). 
The foregut (oesophagus) runs posteriad from the tentorium, between the 
two salivary glands in a median dorsal furrow of the suboesophageal ganglion 
and terminates in the oesophageal valve (Figure 1). It is a uniform thin tube 
made up of simple squamous epithelium of which the nuclei protrude into the 
narrow lumen (Figure 2J). 
The union of the fore and midgut is marked by a oesophageal valve which 
projects into the lumen of the stomach. It is a short invagination of the foregut 
and consists of two layers of simple epithelium which are continuous with each 
other. The epithelium of the inner layer is a continuation of that of the foregut, 
whereas the outer layer consists of cuboidal cells, each having a spherical, relati-
vely large nucleus. The cells of both the foregut and of the outer layer of the 
valve secrete a chitinous intima (Figure 2J). Between the two layers of cells of 
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Figure 1. Dorsal view of the digestive system of a alate male of Greenidea eugeniae (a), apterous 
oviparous female of Israelaphis carmini (b), and a alate viviparous female of Neophyllaphis grobleri 
(c) reconstructed from serial transverse sections. The siphunculi and siphuncular pores (co) are 
situated on the sixth abdominal tergite. 1-2, meso- and metathoracic spiracles; 3-9, abdominal spira-
cles. For list of abbreviations see page 19. Bar represents 30 urn. 
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Figure 2. Transverse sections of (A) the stomach, (B) the first region and (C) second region of 
the intestine of Israelaphis carmini; (D) the stomach of Greenidea eugeniae, (E) the first region and 
(F) second region of the intestine of Greenidea formosana; (G) the stomach, (H) the first region 
and (I) second region of the intestine of Neophyllaphis grobleri; and (J) the oesophageal valve of 
Israelaphis carmini. For list of abbreviations see page 19. Bar represents 10 um. 
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Figure 3. Transverse sections of (A) the second region of the intestine with triplet cells of Greenidea 
formosana, (B) Israelaphis carmini, and (C) Neophyllaphis grobleri; (D) the descending intestine of 
Israelaphis carmini and (E) Neophyllaphis grobleri. For list of abbreviations see page 19. Bar repre-
sents 10 um. 
the valve is an intravalvular space, which lacks muscles as in aquatic Hemiptera 
(Parsons, 1957). 
The stomach is situated centrally in the dorsal part of the aphid and lies dorsal 
to the descending intestine (Figure 1). It starts either in the mesothorax, metath-
orax, first, or second abdominal segment (Table 2). Because of the presence 
of a compact mycetome (Figure 4:1-3) in the dorsal part of the body in both 
Greenidea and Israelaphis, the stomach bends either to the right or to the left 
ventral part of the aphid (Figure 4:5-6) before joining the intestine in the first, 
second, third, or fourth abdominal segment (Table 2). In some specimens of 
Greenidea sp. and G. formosana (Maki) the stomach starts in the second abdom-
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Figure 4. Schematic representation of sagittal sections through the midline (1-4) and transverse 
sections (5-7) showing position of the nervous system (1-4) and mycetome of Israelaphis (1, 6), 
Greenidea (2-4, 6), and Neophyllaphis (7), and the bending of the posterior region of the foregut 
(4) and the stomach (1-3) from the dorsal part either to the right or to the left ventral part of the 
aphid (5-7, see arrows). For list of abbreviations see page 19. 
inal segment and lies already, either right or left, in the ventral part of the aphid 
(Figure 4: 4). In this case the posterior region of the foregut passes around the 
anterior end of the compact mycetome. The mycetome starts in the first ab-
dominal segment (in some specimens in the posterior region of the metathorax) 
and ends in the fifth or sixth abdominal segment. 
In Neophyllaphis grobleri Eastop the mycetome is made up of two longitudinal 
groups of mycetocytes, one on each side of the digestive system. They start in 
the metathorax and end in the sixth abdominal segment (Figure 4:7). In this 
species the arrangement of the mycetome is such that it does not form a barrier. 
The stomach is located centrally in the dorsal part of the body to pass subse-
quently into the first region of the intestine in the third or fourth abdominal 
segment. This intestine runs from the stomach to the ventral part of the aphid 
and then posteriorly to the abdominal loop. In each aphid the first region of 
the intestine bends either to the right or to the left of the descending intestine 
(Figure 4:7). 
In the abdominal loop, situated in the fourth, fifth, or sixth abdominal seg-
ment, the first region of the intestine passes into a broader one forming the 
second region of the intestine, which runs directly anteriad to the thoracic loop. 
Before reaching the descending intestine, the second region of the intestine forms 
one additional loop in all of the four specimens of I. lambersi investigated, and 
in four out of six of the N. grobleri (Table 2). 
The stomach of Israelaphis is dilated with the maximum diameter at the region 
of the posterior part of the oesophageal valve. In transverse sections of this 
part of the stomach the number of cuboidal cells varies from 16 to 22 decreasing 
gradually to 4-6 at the posterior end. The cells contain small vacuoles, granules, 
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and a spherical nucleus (Figure 2A). All the cells have a merocrine secretion 
of vacuoles which dissolve in the lumen of the stomach forming a trace of coagu-
lated material. The basal cell membrane of each cell is strongly invaginated and 
the apical surface has a thin striated border. 
In Greenidea and N. grobleri the stomach has a tubular structure consisting 
of 8-12 triangular cells in transverse sections. The merocrine secretion of all 
stomach cells of Greenidea (Figure 2D) is identical to that of Israelaphis, and 
Anoecia (Ponsen, 1987b). The stomach lumen is completely filled with solid ma-
terial, which does not occur in the intestinal lumen (Figure 2 and 3). On the 
other hand, in N. grobleri the stomach cells do not show any cytological evidence 
of secretory activity (Figure 2G), like the thelaxids Glyphina and Thelaxes, Dre-
panosiphidae without a filtersystem (Table 3) and some species of the Chaito-
phoridae (Ponsen, 1983). 
Transverse sections of the first region of the intestine of Greenidea consist 
of 3-5 and those of Israelaphis and N. grobleri 4-6 triangular cells, each contain-
ing few vacuoles and a spherical nucleus. The second region of the intestine 
transverse sections reveal 3-5 strongly vacuolated triangular cells with ovoid 
nuclei in Greenidea and N. grobleri, 4-6 in I. lambersi, and 5-7 in I. carmini and 
Israelaphis sp. (Figure 2 and 3). The free surfaces of the intestinal cells are dis-
tinctly striated and line a more or less stellate lumen. 
Table 3. List of the species of Drepanosiphidae without a filtersystem (Figure 6D and E) in sequence 
of the starting of the stomach, their hostplant, and relevant locality data. 
Aphid 
Euceraphis betulae (Koch) 
Clethrobius giganteus (Cholodkovsky)) 
Monaphis antennata (Kaltenbach) 
Phyllaphis fagi (Linnaeus) 
Symydobius oblongus (von Heyden) 
Euceraphis punctipennis (Zetterstedt) 
Calaphis flava Mordvilko 
Betulaphis helvetica Hille Ris Lambers 
Callipterinella tuberculata (von Heyden) 
Calliplerinella callipterus (Hartig) 
Callipterinella callipterus (Hartig) 
Drepanosiphum platanoidis (Schrank) 
Drepanosiphum acerinum (Walker) 
Drepanosiphum aceris Koch 
Drepanaphis sp. 
Stegophylla sp. 
Stomach 
starts in 
III-l 
1-2 
1-2 
1-2 
2-3 
3 
3 
4 
4 
5 
5-6 
5 
6 
6-7 
7 
7 
Hostplant 
Betula sp. 
Alnus glutinosa 
Betula sp. 
Fagus sylvatica 
Betula sp. 
Betula sp. 
Betula sp. 
Betula sp. 
Betula sp. 
Betula sp. 
Betula sp. 
Acer pseudoplatanus 
Acer pseudoplatanus 
Acer campestre 
Acer saccharinum 
Quercus alba 
Locality, date 
Wageningen, 16.V.1977 
Wageningen, 2I.V. 1980 
Ede,28.IX.1980 
Wageningen, 14.V. 1980 
Wageningen, 19.V.1980 
Wageningen, 11.IX. 1980 
Wageningen, 19.V. 1980 
Wageningen, 29.VII.1979 
Wageningen, 20.V. 1980 
Ede, 12.VIII.1979 
Ax les Thermes (Pyrenees, 
France), 27.VII. 1980 
Wageningen, 16.V. 1980 
Bennekom, 1. VIII. 1980 
Wageningen, 
28.VIII.1980 
Long Beach (U.S.A.), 
14.VI.1981 
Glenn Dale.(U.S.A.), 
24.VI.1981 
I-NI refer to thoracic segments 
1 -9 refer to abdominal segments 
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An important feature of the second region of the intestine are the groups 
of three cells, called triplets. From 6 to 10 triplets occur at irregular intervals 
among the triangular intestinal cells, mainly in the second half of the second 
region of the intestine, including the additional loop. The majority of the triplets 
occur single. Occasionally, however, two pairs or rarely three to four pairs occur 
together. The middle cell of each triplet has a large nucleus, whereas the other 
two cells have relatively small nuclei. The triplet cells contain numerous minute 
vacuoles, have very thin striated borders, and strongly invaginated basal cell 
membranes (Figure 3A-C). 
The fourth part of the midgut is the descending intestine which runs from 
the thoracic loop directly caudad to open into the rectum (Figure 1). The transi-
tion from the second region of the intestine to the descending intestine is marked, 
in transverse sections, by a gradual increase of 2-4 strongly vacuolated intestinal 
cells and then by an abrupt change to the typical cellular structure of the descen-
ding intestine. The triangular cells of the descending intestine border a wide 
lumen (Figure 3D, E). They contain small vacuoles, oval nuclei, and their lumi-
nal surfaces have very thin striated zones. The area of contact between adjacent 
cells is smaller than that between the stomach cells and the cells in the first and 
second region of the intestine (Figure 2 and 3). This cellular arrangement allows 
the descending intestine te become excessively dilated as a result of the vigorous 
peristaltic movements. In the dilated position the cells are very flat and the oval 
nuclei are situated parallel to the basal cell membrane. 
The midgut epithelium of Greenidea and Israelaphis is characterized by cells 
with two nuclei (Figure 2 and 3). The binucleate cells occur more frequently 
in the stomach and in the first and second region of the intestine than in the 
descending intestine, and more frequently in the Greenidea than in Israelaphis. 
If present in the descending intestine the binucleate cells are usually situated 
in the anterior part. In general these nuclei are smaller than those of the uninuc-
leate cells. Binucleate cells were never observed in the triplets. 
The rectum begins in the seventh abdominal segment, passes into an epidermal 
invagination and opens to the exterior via the anal opening (Figure 1). The latter 
is situated ventral to the cauda (Ray Chaudhuri, 1956; Ilharco, 1966). The rec-
tum is made up of small columnar cells (Figure 5A) and the epithelium of the 
invagination consists of cuboidal cells of which the cuticular lining is identical 
to that of the integument. 
Both dorsally and laterally the muscular coat of the posterior end of the de-
scending intestine and that of the rectum is connected to the abdominal body 
wall by visceral muscles, which previously were described as 'nucleated mem-
branes' (Ponsen, 1983). The insertion of these branching and anastomozing mus-
cles is located at the junction of the sixth and seventh tergite, and at the junction 
of the seventh and eighth tergite among the attachment of the dorsal median 
longitudinal muscles (Figure 5A). 
The opening of the anus is controlled by six dorsal muscles. They arise on 
the dorsal wall of the abdomen, at the junction of the eighth and ninth tergite, 
and pass downward to their point of insertion on the middle of the dorsal wall 
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Figure 5A. Transverse section of the rectum and the visceral muscles of Greenidea formosana. Bar 
represents 10 um. B. Semi-schematic representation of the anal musculature of aphids. Bar represents 
30 urn. For list of abbreviations see page 19. 
of the epidermal invagination. Two pairs of lateral muscles serve to close the 
anus. Each pair of muscles originates at the junction of the seventh and eighth 
sternites just lateral to the gonopore, and are inserted on the dorsolateral and 
ventrolateral walls of the anus, respectively (Figure 5B). 
Discussion 
In Burner's classification on aphids the genus Greenidea is placed in the family 
Chaitophoridae, and the genus Neophyllaphis in the family Thelaxidae (Borner 
and Heinze, 1957). Ilharco (1966) assigns the genus Israelaphis to the family 
Drepanosiphidae. The digestive system of Greenidea, Israelaphis, and Neophylla-
phis grobleri has two features in common with that of the thelaxids Glyphina 
and Thelaxes, and the Chaitophoridae, viz. 1) the stomach lies in the mid dorsal 
part of the aphid (Figure 6M), and 2) the hindgut is of endodermal origin and 
is an extension of the midgut, and can therefore be more correctly called a de-
scending intestine. In Greenidea and Israelaphis the stomach bends ventrally 
before passing into the intestine (Figure 4:1-4); in N. grobleri it is the first region 
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Figure 6. Diagrams illustrating the digestive system of the Thelaxidae (A), the Chaitophoridae (B 
and C), the Drepanosiphidae without a filtersystem (D and E; Table 3), Paoliella terminaliae (F), 
and the Drepanosiphidae with two filter- systems (G; Table 4). The other three diagrams are hypo-
thetical digestive systems (H-J). The dotted line represents the blind ectodermal hindgut (F-I) which 
forms with the stomach (G and H) a concentric filtersystem (L). The interrupted line represents 
the endodermal hindgut or descending intestine, which partly runs alongside the ascending intestine 
(G,I, and J) and forms a parallel filtersystem (K). In the Thelaxidae (A) and Chaitophoridae (B 
and C) the stomach lies centrally in the dorsal part of the aphid (M), whereas in the Drepanosiphidae 
(D-J) it is situated either on the right or left side in the ventral part of the aphid (N). For list of 
abbreviations seepage 19. 
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of the intestine that bends ventrally and then passes posteriorly to the abdominal 
loop (Figure 1) as in Glyphina and Thelaxes (Figure 6A), and the Chaitophoridae 
(Figure 6B and C). Glyphina and Thelaxes lack an additional loop in the second 
region of the intestine whereas Chaitophoridae show great diversity in this res-
pect: even within species (Ponsen, 1983). This diversity has been observed also 
in N. grobleri where four out of six specimens have an additional loop in the 
second region of the intestine (Table 2). On the basis of the structure of the 
digestive system it can be concluded that N. grobleri belongs to the family Chai-
tophoridae. 
Within the family Drepanosiphidae there are certainly three, and possibly 
six anatomically distinct groups of aphids (Figure 6). In the first group the tubu-
lar stomach lies in the ventral part of the aphid (Figure 6N), and starts in one 
of the first seven abdominal segments (Table 3). The second group (Figure 6G) 
has two transparent hindguts, a descending intestine and a blind ectodermal 
hindgut. Both hindguts form a filtersystem: a concentric filtersystem in which 
the stomach is encapsulated by the ectodermal hindgut (Figure 6L) and a parallel 
filtersystem (Figure 6K) in which the anterior region of the ascending intestine 
is fused with the posterior region of the descending intestine (Table 4). Paoliella 
terminaliae, a representative of the third group, lacks a filtersystem (Figure 6F 
and 7). The other three groups are hypothetical (Figure 6H-J). They are likely 
to have either a concentric filtersystem (Figure 6H) or a parallel filtersystem 
(Figure 61 and J), with or without an ectodermal blind hindgut. 
On the basis of its intestinal structure Israelaphis should be removed from 
the Drepanosiphidae, where it was placed by Ilharco (1966). Its digestive system 
is histologically identical to that oîGreenidea, in particular the presence of binuc-
leate cells in the midgut epithelium and of merocrine secretion from all stomach 
cells (Figure 2 and 3). Moreover, both Israelaphis and Greenidea have a compact 
mycetome (Figure 4) although the morphological form of the symbionts is quite 
different. In Glyphina and Thelaxes, and the Chaitophoridae the mycetome is 
composed of two longitudinal groups of mycetocytes (Figure 4:7) which may 
be connected with each other in the posterior part of the abdomen. Previously, 
Eastop (1961) has placed Israelaphis in the subfamily Greenideinae. This subfa-
mily has been upgraded by Heie (1980) to family status. The above mentioned 
results confirm Eastop's view that Israelaphis belongs in the Greenideidae. 
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Table 4. List of the species of Drepanosiphidae, their hostplant, and relevant locality data. The 
digestive system of these species, except Paoliella terminaliae (Figure 6F), has two filtersystems (Fig-
ure 6G) anatomically identical to that of Subsaltusaphis ornata (Ponsen, 1979). 
Aphid 
Callaphis juglandis (Goeze) 
Chromaphis juglandicola 
(Kaltenbach) 
Ctenocallis setosus (Kaltenbach) 
Eucallipterus tiliae (Linnaeus) 
Hoplocallis pictus (Ferrari) 
Iziphya bufo (Walker) 
Melanocallis caryaefoliae (Davis) 
Monellia caryella (Fitch) 
Monelliopsis nigropunctata 
(Granovsky) 
Myzocallis carpini (Koch) 
Myzocallis castanicola Baker 
Myzocallis coryli (Goeze) 
Myzocallis myricae (Kaltenbach) 
Neosymydobius albasiphus (Davis) 
Pterocallis alni (de Geer) 
Pterocallis maculata (von Heyden) 
Saltusaphis scirpus Theobald 
Subsaltusaphis ornata (Theobald) 
Subsaltusaphis picta Hille 
Ris Lambers 
Subsaltusaphis roszneri (Borner) 
Takecallis sp. 
Therioaphis trifolii (Monell) 
Tinocallis platani (Kaltenbach) 
Tinocallis saltans (Nevsky) 
Trichocallis caricis (Mordvilko) 
Trichocallis cyperi (Walker) 
Tuberculatus querceus (Kaltenbach) 
Tuberculoides annulatus (Hartig) 
Paoliella terminaliae (Hall) 
Hostplant 
Juglans regia 
Juglans regia 
Sarothamnus sp. 
Tilia sp. 
Carex arenaria 
Carpinus sp. 
Castanea sativa 
Corylus sp. 
Myrica gale 
Quercus stellata 
Alnus sp. 
Alnus sp. 
Cyperus sp. 
Carex riparia 
Carex sp. 
Carex remota 
Bamboo 
Melilotus indica 
Ulmus sp. 
Ulmus sp. 
Carex nigra 
Carex rostrata 
Quercus sp. 
Quercus sp. 
Terminalia sericea 
Locality, date 
Gerendal (Limburg), 13.VI. 1980 
Wageningen, 9. VI. 1980 
Ax les Thermes (Pyrenees, France), 
VII. 1980 
Wageningen, 23.IX. 1979 
Lisbon (Portugal), 11.VI.1981 
Wekerom,22.IX.1981 
U.S.A., 1981 
U.S.A., 1981 
U.S.A., 1981 
Wageningen, 19.V.1980 
Leersum, VII. 1980 
Wageningen, 15.IV.1980 
Wageningen, 3.VIII. 1980 
Silver Spring (U.S.A.), 28.VII.1981 
Wageningen, 15.IV.1980 
Bennekom,8.VI.1980 
Faisalabad (Pakistan), 10.III.1980 
Culture Institute of Phytopathologi-
cal Research, Wageningen, 1977 
Opheusden,22.IX.1982 
Bennekom, 23.IX.1981 (Ex culture 
HRL) 
Leeds Castle (Kent, England), 
12.VII.1983 
Faisalabad (Pakistan), 11 .III. 1980 
Wageningen, 26.VI. 1980 
Wageningen, 29.VIII.1980 
Wageningen, 14.VII.1982 
Wageningen, 18.IX.1981 
Wageningen, 7.VII.1980 
Wageningen, 15.V.1980 
Sonstraal (Cape Province, South 
Africa.), 23.111.1983 
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Figure 7. Dorsal view of the digestive system of a alate vivparous female of Paoliella terminaliae 
reconstructed from serial transverse sections. The siphuncular pores (co) are situated on the fifth 
abdominal tergite. 1-2, meso- and metathoracic spiracles; 3-9, abdominal spiracles. For list of abbre-
viations see page 19. Bar represents 30 um. Inset: Schematic representation of the digestive system 
of Paoliella terminaliae (see Figure 6F). 
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Summary 
The alimentary tract is described for three species of Greenidea, three species 
of 1'sraelaphis, and one species of Neophyllaphis (Table 1). It starts with the food 
canal, which passes into the pharyngeal duct, valve, and pump. From there it 
passes into the foregut, oesophageal valve, stomach, intestine, descending intes-
tine, and rectum, and terminates at the anal opening (Figure 1). The gustatory 
organ of the epipharynx has 14 sensillum pores and that of the hypopharynx 
4 sensillum pores. The stomach lies centrally in the dorsal part of the aphid; 
in Greenidea and Israelaphis it bends ventrally to join the intestine, whereas in 
Neophyllaphis grobleri the intestine runs directly from the stomach to the ventral 
part of the aphid (Figure 4). In the first two genera all the stomach cells show 
merocrine secretion, whereas those of N. grobleri do not show any cytological 
evidence for secretion (Figure 2). The second region of the intestine starts with 
the abdominal loop and before reaching the descending intestine forms one addi-
tional loop in Israelaphis lambersi and N. grobleri (Table 2). In the second region 
of the intestine there are 6-10 groups of triplet cells (Figure 3). The midgut epithe-
lium of Greenidea and Israelaphis is characterized by the presence of binucleate 
cells at irregular intervals among the uninucleated cells (Figure 3). The rectum 
is connected with the tergite by visceral muscles (Figure 5A). The anus is opened 
by dorsal muscles and closed by two pairs of lateral muscles (Figure 5B). 
The structure of the digestive system indicates that N. grobleri belongs to the 
family Chaitophoridae, and that Israelaphis is near to Greenidea and hence 
belongs to Greenideidae. 
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Abbreviations used in figures 
adm 
ai 
al 
ali 
alm 
ao 
ce 
co 
di 
ei 
f 
hg 
il 
i2 
in 
is 
M2 
M5 
Mi l 
my 
nes 
ov 
r 
ree 
st 
tl 
to 
tpc 
uce 
vm 
anal dorsal muscles 
ascending intestine 
abdominal loop 
additional loop of intestine 
anal lateral muscles 
anal opening 
compound eye 
siphunculus (cornicle) 
descending intestine 
epidermal invagination 
foregut 
hindgut 
first region of intestine 
second region of intestine 
intima 
intravalvular space 
circular muscle fibres 
dorsolongitudinal muscle 
longitudinal muscle fibres 
mycetome 
nervous system 
oesophageal valve 
rectum 
rectal cell 
stomach 
thoracic loop 
triommatidion 
triplet cells 
undeveloped compound eye 
visceral muscles 
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Part II. The Aphis-group 
Introduction 
The genus Aphis belongs to the family Aphididae sensu (Borner, 1952). The 
digestive system in this genus consists of a foregut, a dilated stomach, a tubular 
intestine, a balloon-shaped hindgut, but lacks Malpighian tubules and a filter 
chamber. These morphological features were illustrated by Ramdohr (1811) in 
a drawing of the digestive system of Aphis mali ( = Aphis pomi de Geer) and 
similarly by Dufour (1833) for Aphispapaveris ( = Aphisfabae Scopoli). Detailed 
histological studies have been made of the digestive system of Aphis sambuci 
Linnaeus (Witlaczil, 1882), A. fabae (Weber, 1928), and Aphis {D oralis) frangu-
lae Koch (= Aphis frangulae Kaltenbach complex)(Roberti, 1946). The ultras-
tructure of the midgut of A. fabae has been studied by Schäfer and Danneel 
(1972a, 1972b). 
The purpose of this study is to investigate the anatomy of the digestive system 
of 29 species of Aphis. This information is used to determine the phylogenetic 
relationships of Aphis within the Aphididae. 
Materials and methods 
Specimens of the species listed in Table 1, were collected from the host plants 
and put in Duboscq-BrasiFs fluid. After fixation the larvae were dehydrated 
in a graded series of ethanol and in methyl benzoate, stored in methyl benzoate 
celluidin (2%) for three days or longer, and then in toluene and finally embedded 
in paraplast. Serial sections, 8 um thick, were stained in 1 % methylgreen aqueous 
solution (Calberla, 1887) for one hour, rinsed in tap-water, dehydrated in metha-
nol and in methyl benzoate, cleared in xylene, and finally mounted in xylene-
dammar. 
The sections were examined under a Wild microscope equipped with a univer-
sal phase contrast condensor and fluotar phase objectives. The drawings were 
made with help of a Wild drawing tube. 
The morphology of a digestive system was reconstructed from the drawings 
of serial sections of a whole larva viewed at a magnification of 600 times. The 
number of nuclei with their conspicuous big nucleoli, which correspond to the 
number of cells, were counted at a magnification of 1500 times. The length of 
the aphid and that of the digestive system was calculated by multiplying the 
number of serial sections by the thickness of each section, 8 um. 
The investigation was mainly done on young larvae the morph of which could 
only be determined after microscopical examination of the sections. 
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Table 1. List of Aphis species studied, their hostplant, and relevant locality data. Order of species 
as in Table 2. 
No. 
1 
2 
3 
4 
5 
6 
10 
12 
13 
14 
15 
16 
17 
Aphid 
Aphis sambuci Linnaeus 
Aphis sambuci Linnaeus 
Aphis sambuci Linnaeus 
Aphis euonymi Fabricius 
Aphis armata Hausmann 
Aphis fabae Scopoli 
Aphis fabae Scopoli 
Aphis brohmeri Borner 
Aphis newtoni Theobald 
Aphis acetosae Linnaeus 
Aphis ilicis Kaltenbach 
Aphis rumicis Linnaeus 
Aphis salicariae Koch 
Aphis gossypii Glover 
Aphis gossypii Glover 
Hostplant 
Sambucus pubens 
Melandrium rubrum (on roots) 
Rumex sp. (on roots) 
Euonymus europaeus 
Digitalis purpurea 
Viciafabae 
Veratrum album 
Anthriscus sylvestris 
Iris pseudocorus 
Rumex acetosella (on roots) 
Ilex aquifolium 
Rumex obtusifolius 
Epilobium angustifolium 
Cucumis sativus 
Cucumis melo cv. Hale's Best 
Aphis nasturtii Kaltenbach Solanum tuberosum 
Aphis tripolii Laing Aster tripolium 
Malus sp. 
Pyracantha coccinea 
Spiraea sp. 
Vicia cracca 
Viola tricolor (on roots) 
Frangula alnus 
Salix sp. 
Matricaria matricarioides 
(on roots) 
Ribes grossularia 
Taraxacum officinale 
(on roots) 
Polygonum aviculare 
Urtica dioica 
Ribes sanguineum 
Sarothamnus scoparius 
Rubus idaeus 
Epilobium hirsutum 
Epilobium hirsutum 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Aphis pomi Degeer 
Aphis pomi Degeer 
Aphis spiraephaga Müller 
Aphis craccae Linnaeus 
Aphis violae Schouteden 
Aphis frangulae 
Kaltenbach s.l. 
Aphis farinosa Gmelin 
Aphis vandergooti (Borner) 
Aphis grossulariae 
Kaltenbach 
Aphis taraxacicola 
(Borner) 
Aphis avicularis 
(Hille Ris Lambers) 
Aphis urticata Gmelin 
Aphis schneiden (Borner) 
Aphis sarothamni Franssen 
Aphis idaei van der Goot 
Aphis praeterita Walker 
Aphis epilobiaria Theobald 
Locality 
Wageningen, 2.VI. 1982 
Wageningen, 18.VI. 1979 
Wageningen, 17.VI. 1982 
Wageningen, 13. VI. 1985 
Wageningen, 15.VI.1982 
Culture Plant Protection 
Service Wageningen, 1982 
Weissensee (Austria), 
8.VII.1984 
Wageningen, 14. VII. 1982 
Wageningen, 21.VI. 1984 
Wageningen, 30.VIII.1985 
Wageningen, 8.VII. 1985 
Culture University of East 
Anglia, Norwich 
(England), 1984 
Bennekom,6.VII.1986 
Culture Glasshouse Crops 
Research Institute, Little-
hampton (England), 1983 
Culture Department of 
Animal Physiology, 
Wageningen, 1984 
Culture Research Institute 
for Plant Protection, 
Wageningen, 1986 
Culture Research Institute 
for Plant Protection, 
Wageningen, 1987 
Wageningen, 13. VI. 1982 
Harskamp, 3.VII. 1985 
Wageningen, 22.VI. 1984 
Hastière (Belgium), 
23.VII.1985 
Wageningen, 8.VII. 1982 
Wageningen, 20.VI. 1986 
Wageningen, 22. V. 1985 
Wageningen, 15.VI.1982 
Wageningen, 8.VII. 1985 
Wageningen, 15.VI.1982 
Wageningen, 9.VIII.1984 
Wageningen, 13.VI.1984 
Wageningen, 23.V. 1982 
Wageningen, 2.VI. 1982 
Wageningen, 3.VII. 1984 
Wageningen, 20. VIII. 1984 
Wageningen, 5.IX. 1986 
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Results 
The alimentary tract starts with the food canal, which is formed by the inter-
locked maxillary stylets. The food canal leads into the pharyngeal duct, which 
is formed by the epipharynx and the hypopharynx lip. This portion does not 
exert any sucking action, simply forming a duct, which conveys the plant-sap 
to the pharyngeal pump. The pharyngeal duct is separated from the pharyngeal 
pump by a valve, of which both the dorsal wall and ventral wall are marked 
by two cuticular dome-shaped prominences, named the pharynx 'Protuberan-
zen' by Krassilstschik (1893), 'Naroi'den' by Dreyfus (1894), pharyngeal protu-
berances by Davidson (1914), and 'Mundknöpfe' by Weber (1928). Both the 
structure of the pharynx, including the muscles of the valve and the pump, and 
the structure of the gustatory organ, of all the Aphis species studied (Table 1) 
are identical to those of My zus persicae (Sulzer) (Figure 1; Figure 6-8 in Ponsen, 
1972). 
The epipharyngeal gustatory organ has 14 sensillary pores, of which eight 
are arranged in a row in the epipharynx of the pharyngeal duct. An identical 
row of eight sensillary pores have been observed in Aphis frangulae Kaltenbach 
complex (Roberti, 1946) and Aphis craccivora Koch (Sorin, 1966), as well as 
in Chermes abietis [= Adelges (Sacchiphantes) abietis (Linnaeus)], Phylloxera 
punctata [= Phylloxera glabra (von Heyden)] (Dreyfus, 1894), Schizoneura lani-
gera Hausmann [= Eriosoma lanigerum (Hausmann)] (Davidson, 1914), Pem-
phigus bursarius Linnaeus (Pflugfelder, 1936), Hormaphis hamamelidis Fitch 
(Lewis and Walton, 1958), Dactylosphaera vitifolii Shimer [= Viteus vitifoliae 
(Fitch)] (Rilling, 1960), Megoura viciae Buckton (Ehrhardt, 1963), Brevicoryne 
brassicae (Linnaeus), Tuberolachnus salignus (Gmelin) (Wensler and Filshie, 
1969), M. persicae (Ponsen, 1972), and Acyrthosiphon pisum (Harris) (McLean 
and Kinsey, 1984). Six sensillary pores, as in B. brassicae, T. salignus, and 
Acyrthosiphon pisum, are located in the dorsal wall of the pharyngeal valve, three 
on each side of the two insertions of the cuticular tendons to which the divari-
cator muscles of the pharyngeal valve are attached (Figure 1). The hypopharyn-
geal gustatory organ has 4 sensillary pores; two in the hypopharynx of the phar-
yngeal duct just anterior to the pharyngeal valve (as in M. persicae and A. pisum) 
and the other two at the foot of the salivary pumpstem (Figure 19 in Ponsen, 
1972). 
The pharyngeal pump passes into the foregut, and then via the oesophageal 
valve to the midgut and rectum, which terminates at the anal opening (Figure 
2). The midgut is the longest part of the alimentary tract and is composed of 
stomach, first and second region of the intestine, and descending intestine. In 
dissections of living aphids the descending intestine is a transparent, sac-like 
structure that shows vigorous peristaltic movements generated by circular and 
longitudinal muscles. The latter are external to the circular muscles (Figure 7). 
The stomach and the first and second region of the intestine are opaque, show 
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Figure 1. Dorsal aspect of the pharynx of a five days old Myzus persicae larva. For list of abbrevia-
tions see page 51. Bar represents 10 urn. 
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slow peristaltic movements, and have only circular muscles. 
The foregut (oesophagus) runs posteriad from the tentorium, between the 
salivary glands, along the median dorsal furrow of the suboesophageal ganglion 
and terminates in the oesophageal valve. It consists of a uniformly thin tube 
of simple squamous epithelium, which secretes the chitinous intima (Figure 6P). 
Near the beginning of the stomach the foregut is innervated by a short nerve 
that originates from the medial dorsal nerve, which runs alongside the dorsal 
vessel. 
The posterior region of the foregut is invaginated into the lumen of the stom-
ach to form the oesophageal valve (Figure 2-5). This invagination consists of 
two layers of epithelium, an inner and an outer, which are continuous with each 
other. The inner layer is the continuation of the foregut; the outer layer consists 
of cuboidal cells, each containing a spherical, relatively large nucleus. The valve 
is covered with a chitinous intima (Figure 6P). The two cell layers of the valve 
are separated by an intravalvular space in which muscles are lacking as pre-
viously observed in A.fabae (Weber, 1928) and A.frangulae complex (Roberti, 
1946). According to Moericke and Mittler (1966) who studied B. brassicae, Lipa-
phis pseudobrassicae [ = Lipaphis erysimi (Kaltenbach)], and M. persicae, the 
chitinous cuticular intima that lines the foregut and oesophageal valve is shed 
with each moult and passes back into the stomach where it remains for the life 
of the aphid. Ultrathin sections of Adelges (Dreyfusia) nordmannianae (Eck-
stein), Drepanosiphum platanoidis (Schrank), M. persicae, and Subsaltusaphis 
ornata (Theobald) show that the intima consists of an endocuticle and an exocu-
ticle, but lacks an episuticle. The endocuticle completely dissolves, but the exocu-
ticle remains in the lumen of the foregut. The exocuticle of the outer layer of 
the valve remains in the stomach lumen. Dermal glands do not occur in the 
epithelial lining of the foregut and the valve, which indicates the absence of 
a layer of cement over the surface of the exocuticle. 
In the majority of Aphis species so far investigated the stomach begins in the 
mesothorax, and rarely in the metathorax (Table 2). The stomach is dilated and 
lies centrally and dorsally in the body cavity of the aphid and dorsal to the 
descending intestine (Figure 2). It joins the intestine in the region of the metath-
orax or the first, second, third, fourth, fifth, or sixth abdominal segment. 
In Table 2, the Aphis species are arranged in order of the average number 
of cells in transverse sections of the broadest part of the stomach, which is just 
posteriad to the oesophageal valve. After birth the cells in the digestive system 
do not divide but increase in size proportionally with the aphid. Within each 
species the total number of cells in transverse sections of the stomach is practi-
cally constant and independent of the age of the aphid. In the species investigated 
(Table 2) there is a correlation between the maximum number of cells in trans-
verse sections of the stomach and the length of the stomach, expressed in body 
segments occupied. 
There are two types of cells in the stomach wall of A. sambuci (Figure 3),A. 
armata, A.fabae (Figure 4), and A. salicariae. The anterior region consists of 
simple columnar cells, which secrete material by constricting of the apical por-
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Table 2. The position and structure of the stomach in Aphis species. The number for each aphid 
species corresponds with its host plant as in Table 1. 
Hostplant 
1-3 
4 
5 
6-7 
8 
9 
10 
11 
12 
13 
14-15 
16 
17 
18-19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Aphid 
A. sambuci 
A. euonymi 
A. armata 
A.fabae 
A. brohmeri 
A. newtoni 
A. acetosae 
A. ilicis 
A. rumicis 
A. salicariae 
A.gossypii 
A. nasturtii 
A. iripolii 
A.pomi 
A. spiraephaga 
A.craccae 
A. violae 
A.frangulae 
A.farinosa 
A. vandergooti 
Total number 
of sectioned 
aphids 
25 
8 
8 
23 
8 
8 
8 
8 
9 
8 
15 
7 
20 
16 
8 
10 
16 
9 
47 
8 
A. grossulariae 16 
A. taraxacicola 12 
A. avicularis 
A. urticata 
A. schneiden 
A.sarothamni 
A. idaei 
A. praeterita 
A. epilobiaria 
24 
8 
12 
8 
7 
8 
8 
Stomach 
starts 
n 
[I-III 
[I-III 
[I-III 
[I-III 
[I-III 
I-III 
Stomach 
ends 
in 
3-6 
3-4 
2-3 
1-4 
3-6 
2-3 
2-5 
2-4 
1-2 
1-2 
2-3 
1-3 
1-3 
1-3 
1-2 
1-2 
1-2 
1-3 
III-l 
1-2 
1-2 
III-2 
III-2 
1-2 
1-2 
1-2 
III-2 
III-2 
III-l 
Average 
number 
of cells' 
61 
37 
36 
34 
32 
32 
30 
30 
28 
24 
23 
23 
22 
21 
19 
19 
19 
18 
18 
17 
15 
15 
15 
14 
14 
14 
14 
13 
12 
Cell form 
columnar + cuboidal 
cuboidal 
columnar + cuboidal 
columnar + cuboidal 
cuboidal 
cuboidal 
cuboidal 
cuboidal 
cuboidal 
columnar + cuboidal 
triangular 
triangular 
triangular 
triangular 
triangular 
triangular 
cuboidal 
cuboidal 
triangular 
cuboidal 
triangular 
cuboidal 
triangular 
cuboidal 
triangular 
triangular 
cuboidal 
cuboidal 
triangular 
I-III refer to thoracic segments 
1-9 refer to abdominal segments 
Number of cells in transverse section at the maximum diameter of the stomach 
tions of the cell (apocrine secretion). The simple epithelium of the posterior region 
of the stomach is cuboidal and these cells continuously secrete vacuoles or granules 
(merocrine secretion). In the remaining species the cells are either triangular or 
cuboidal (Table 2), and produce a merocrine secretion (Figure 5). 
The narrow columnar cells, characteristic of A. sambuci larvae, secrete in a 
metachronal rhythm. During the longitudinal growth of the stomach cells their 
oval nuclei migrate to the apical surface. After discharging cytoplasmic material 
the cells become smaller and the nuclei return to the basal region of the cell 
(Figure 3B). In A. armata, A.fabae, and A. salicariae this cycle of secretory 
activity is not synchronized (Figure 4E). The stomach cells continue to secrete 
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I 1 I 1 
Figure 3. Graphic reconstruction (A), and transverse sections of the anterior region (B) and posteri-
or region (C) of the stomach of Aphis sambuci. The solid material in the stomach lumen is omitted 
in Figure B. Left bar represents 30 um, right bar 10 um. 
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I 1 I 1 
Figure 4. Graphic reconstruction (D), and transverse sections of the anterior region (E) and posteri-
or region (F) of the stomach of Aphis fabae. The solid material in the stomach lumen is omitted 
in Figure E. Left bar represents 30 um, right bar 10 um. 
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throughout larval and adult life. 
All three types of cells contain small vacuoles, granules, and approximately 
spherical nuclei. The basal cell membrane of each cell is strongly invaginated 
and its apical surface has a narrow striated border (Figure 3-5). The stomach 
cells of A. fabae have an endoplasmic reticulum, free ribosomes, mitochondria, 
Golgi bodies, vacuoles with or without a compact osmiophilic substance, and 
the formation of lysosomes when sed on a deficient diet. The junctional complex 
of the lateral cell membranes are joined by tight junctions and septated desmo-
somes (Schäfer and Danneel, 1972a, b). 
The stomach lumen is completely filled with solid material (products of cell 
secretions, phloem sap, and watery saliva), which does not occur in the intestinal 
lumen. This has also been observed in A. fabae, B. brassicae, L. erysimi, M. 
viciae, and M. persicae (Ehrhardt, 1963; Edwards, 1966; Moericke and Mittler, 
1966; Ponsen, 1972). In dissections the material in the stomach lumen is floccu-
lent, whereas the intestinal lumen is filled with a clear watery fluid. 
The intestine is the tubular continuation of the stomach and can be divided 
into two histologically distinct regions. The first runs from the stomach to the 
abdominal loop situated in the second, third, fourth, fifth, or sixth abdominal 
segment (Figure 2; Table 3). From there it gradually broadens to form the second 
region of the intestine. In each Aphis species the first region of the intestine 
bends either to the right or to the left of the descending intestine. 
Before reaching the descending intestine, the second region of the intestine 
forms an additional loop (Figure 2c-e and 8A) in the region between the mesoth-
orax and the fourth abdominal segment (Table 3). In eight out of sixteen Aphis 
farinosa males it ran directly anteriad to the descending intestine (Table 4). 
In Aphis three types of transitions occur from the stomach to the intestine 
(Figure 2 and 8A). In the first type (I and III) the intestine runs from the stomach 
directly ventrally and posteriorly to the abdominal loop. The transition from 
the stomach to the intestine of the second type (II and IV) is marked by a weak 
loop, whereas that of the third type (V) by a sharp loop. The third type (V) 
occurs only in Aphis species 1-16 and 18-20 (Table 4), whereas in A. craccae 
and A.frangulae both the second (IV) and third type (V) are observed. All three 
types of transitions (Figure 2 and 8 A; III, IV and V) are present in the remaining 
species (Table 4). In eight A. farinosa males (Table 4), of which the additional 
loop of the second region of the intestine is lacking (Figure 8A), occurs both 
the first (I) and second type (II) of transition. The three types of transition occur 
mainly in Aphis species with a small stomach (Table 2) and is independent of 
the morph of the species (Table 4). 
The triangular cells of the first region of the intestine contain few vacuoles 
and a more or less spherical nucleus, whereas those of the second region of the 
intestine are strongly vacuolated and have ovoid nuclei. The free surfaces of 
the intestinal cells are distinctly striated and line a more or less stellate lumen 
(Figure 6 M-O). In most of the Aphis species investigated transverse sections 
of the intestine reveal 3-5 triangular cells, occasionally 4-6, and 6-8 cells in A. 
sambuci (Table 3). 
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Figure 5. Graphie reconstruction of the stomach of Aphis grossularia (G) and A. violae (H). Trans-
verse sections of the stomach of A. gossypii (I), A. schneidert (J), A. urlicata (K), and A. brohmeri 
(L). Forlist of abbreviations see page 51. Left bar represents 30 urn, right bar lOum. 
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Table 3. The position and structure of the intestine in Aphis species. The number for each aphid 
species corresponds with its host plant as in Table 1. Order of species as in Table 2. 
Host 
plant 
1-3 
4 
5 
6-7 
8 
9 
10 
11 
12 
13 
14-15 
16 
17 
18-19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Aphid 
A.sambuci 
A. euonymi 
A. armata 
A.fabae 
A. brohmeri 
A. newtoni 
A. acelosae 
A. ilicis 
A. rumicis 
A.salicariae 
A.gossypii 
A. nasturtii 
A. tripolii 
A.pomi 
A. spiraephaga 
A. craccae 
A. violae 
A.frangulae 
A.farinosa 
A. vandergooti 
A.grossulariae 
A. taraxacicola 
A. avicularis 
A. urticata 
A. schneiden 
A. sarothamni 
A. idaei 
A.praeterita 
A. epilobiaria 
Total number 
of sectioned 
aphids 
25 
8 
8 
23 
8 
8 
8 
8 
9 
8 
15 
7 
20 
16 
8 
10 
16 
9 
31 
81 
8' 
8 
16 
12 
24 
8 
12 
8 
7 
8 
8 
Abdominal 
loop of in-
testine in 
4-6 
4-5 
4-6 
3-5 
4-6 
4-5 
4-5 
3-5 
4-6 
3-5 
5 
5-7 
3-6 
4-6 
4-6 
4-5 
4-6 
4-5 
4-6 
2-4 
2-4 
4-6 
4-5 
4-5 
4-5 
4-5 
4-6 
5 
4-6 
4-6 
3-5 
Intestinal 
loops 
between 
m-4 
III-3 
II-3 
II-4 
II-3 
II-2 
II-3 
III-3 
II-2 
II-2 
II-3 
II-3 
II-2 
II-3 
II-2 
II-3 
II-2 
1-3 
II-1 
II-1 
no 
II-1 
II-2 
II-2 
II-2 
II-3 
II-2 
II-1 
II-2 
II-2 
II-1 
Number of cells in 
transverse sections of 
first 
region of 
intestine 
6-8 
4-6 
4-6 
4-6 
3-5 
4-5 
4-6 
4-6 
3-5 
3-5 
3-5 
3-4 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-4 
3-4 
3-5 
3-5 
3-5 
3-4 
3-4 
3-5 
second 
region of 
intestine 
5-7 
4-6 
4-6 
4-6 
3-5 
3-5 
4-6 
4-6 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
4-6 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 
3-5 " 
3-5 
' apterous males 
I-III refer to thoracic segments 
1-9 refer to abdominal segments 
The second region of the intestine characteristically 5-11 groups of three small 
cells (triplet) at irregular intervals among the triangular epithelial cells. The ma-
jority of these triplets occur singly (Figure 6R), occasionally in pairs (Figure 
6Q) and rarely in groups of three or four. The middle cell of each triplet has 
a large nucleus, and the lateral cells relatively small nuclei. The triplet cells con-
tain numerous minute vacuoles, the microvilli of the apical cell membrane are 
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Table 4. Transition from the stomach to the intestine in Aphis species. Roman numerals I-V corres-
pond with the schematic representations in Fig. 8A. The number for each aphid species corresponds 
with its host plant as in Table 1. Order of species as in Table 2. 
Host-
plant 
1-3 
4 
5 
6-7 
8 
9 
10 
11 
12 
13 
14-15 
16 
17 
18-19 
20 
21 
22 
23 
24 
25 
26 
27 
Aphid 
A. sambuci 
A. euonymi 
A. armata 
A.fabae 
A. brohmeri 
A. newtoni 
A. acelosae 
A. ilicis 
A. rumicis 
A. salicariae 
A.gossypii 
A. nasturtii 
A. tripolii 
A. pomi 
A. spiraephaga 
A. craccae 
A. violae 
A.frangulae 
A.farinosa 
A. vandergooti 
A. grossulariae 
A. taraxacicola 
Total number 
of sectioned 
aphids 
9 
16 
3 
5 
8 
7 
16 
8 
1 
7 
1 
7 
3 
5 
1 
8 
3 
5 
2 
13 
4 
4 
6 
2 
6 
6 
4 
12 
5 
3 
3 
7 
1 
15 
9 
8 
15 
8 
16 
5 
3 
1 
15 
2 
10 
Morph 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
apterous oviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous oviparous 
alate males 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous oviparous 
apterous males 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
I II III IV V 
9 
16 
3 
5 
8 
7 
16 
8 
1 
7 
1 
7 
3 
5 
1 
8 
3 
5 
2 
13 
4 
4 
1 
1 
2 
5 
4 
12 
5 
3 
3 
6 
1 
7 
7 
6 
9 
7 
5 
1 
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Table 4 
Host-
plant 
28 
29 
30 
31 
32 
33 
34 
(continued). 
Aphid 
A. avicularis 
A. urticata 
A. Schneideri 
A. sarothamni 
A. idaei 
A. praeterita 
A. epilobiaria 
Total number 
of sectioned 
aphids 
6 
18 
8 
2 
10 
6 
2 
7 
8 
7 
1 
Morph I II 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
apterous oviparous 
alate male 
III 
4 
7 
1 
2 
3 
3 
1 
2 
1 
IV 
2 
6 
2 
1 
4 
2 
1 
2 
1 
4 
V 
5 
5 
1 
4 
1 
1 
2 
6 
1 
shorter than those of the intestinal cells, and a strongly invaginated basal cell 
membrane. 
The fourth part of the midgut is the descending intestine, which runs from 
the thoracic loop directly caudad into the rectum (Figure 2). The transition from 
the second region of the intestine to the descending intestine is marked, in trans-
verse sections, by a gradual increase of 2-4 strongly vacuolated intestinal cells 
followed by an abrupt change to the typical cellular structure of the descending 
intestine (Figure 9A). 
The triangular cells of the descending intestine surround a wide lumen (Figure 
7). They contain small vacuoles, oval nuclei, and their luminal surfaces have 
very thin striated zones. The area of contact between adjacent cells is shorter 
than for stomach cells and for cells in the first and second region of the intestine 
(Figure 3-6). This cellular arrangement allows considerable dilation of the de-
scending intestine during the vigorous peristaltic. In the dilated condition the 
cells are very flat and the oval nuclei are situated parallel to the basal cell mem-
brane. Waxy droplets that originate from fat cells and are scattered throughout 
the body cavity (Ponsen, 1972) do not occur in the lumen or inside the cells 
of the descending intestine. Histologically, the descending intestine of Aphis is 
identical with that of the Anoeciidae (Ponsen, 1986). 
In all Aphis species investigated the descending intestine is about half as long 
as the aphid (Table 5). The total number of cells of this intestine differs between 
species and varies from 66 cells in A. nasturtii to 271 cells in A. sambuci. In 
each species the total number of cells is practically constant and independent 
of the length of the aphid, the length of the descending intestine, its morph, 
and the host plant. After birth cell divisions in the digestive system cease and 
during larval growth the descending intestine and its cells increase in size propor-
tionally with the aphid. Because of the vigorous peristaltic movements the de-
scending intestine may become so dilated, that it is difficult to count the nuclei 
in transverse serial sections. Therefore only a few descending intestines have 
been examined in detail in each species. 
36 Wageningen Agric. Univ. Papers 90-4 (1990) 
M 
Figure 6. Transverse sections of the first and second region of the intestine of Aphis armata (M), 
A. sambuci (N), and A. urticata (O), the oesophageal valve of A. armata (P), and the second region 
of the intestine with triplet cells of A. violae (Q) and A. urticata (R). For list of abbreviations see 
page 51. Bar represents 10 um. 
The cytoplasm of the midgut cells of A. salicariae, A. tripolii, A. spiraephaga, 
A. frangulae, A. farinosa, and A. urtica (Table 1) contain rod-shaped bodies, 
which vary in length from 7 to 28 urn with a diameter of about 0.67 um (Figure 
5-7). These rods are surrounded by a clear zone; in some cells the nuclei are 
Wageningen Agric. Univ. Papers 90-4 (1990) 37 
Table 5. Body length, and length and total number of cells of the descending intestine in Aphis 
species. 
1 = Body length u (A); 2 = Length descending intestine u (B); 3 = B/A; 4 = Total number of 
descending intestine cells. The length is estimated by multiplying the number of sections by 8 um. 
The number for each aphid species corresponds with its host plant as in Table 1. Order of species 
as in Table 2. 
Host 
plant 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Aphid 
A.sambuci 
A.sambuci 
A. sambuci 
A.euonymi 
A.armata 
A.fabae 
A.fabae 
A.brohmeri 
A. new toni 
A. acetosae 
A. ilicis 
A. rumicis 
A. salicariae 
A.gossypii 
A.gossypii 
A. naslurtii 
A. tripolii 
Morph 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
apterous oviparous 
apterous oviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
apterous oviparous 
apterous oviparous 
alate male 
alate male 
1 
880 
792 
752 
680 
976 
704 
696 
824 
896 
648 
664 
728 
728 
664 
608 
688 
680 
608 
528 
824 
752 
720 
672 
536 
536 
688 
768 
712 
936 
656 
424 
816 
656 
520 
488 
392 
664 
504 
784 
632 
880 
1192 
736 
1216 
976 
2 
360 
312 
296 
232 
432 
344 
328 
376 
424 
280 
360 
360 
328 
304 
328 
256 
312 
256 
208 
440 
352 
424 
280 
280 
232 
344 
376 
376 
472 
312 
208 
416 
304 
280 
200 
208 
272 
232 
480 
328 
408 
648 
440 
552 
424 
3 
0.41 
0.39 
0.39 
0.34 
0.44 
0.49 
0.47 
0.46 
0.47 
0.43 
0.54 
0.49 
0.45 
0.46 
0.54 
0.37 
0.41 
0.42 
0.39 
0.53 
0.47 
0.59 
0.42 
0.52 
0.43 
0.49 
0.49 
0.54 
0.50 
0.48 
0.50 
0.51 
0.45 
0.54 
0.41 
0.53 
0.41 
0.46 
0.61 
0.52 
0.46 
0.54 
0.60 
0.45 
0.43 
4 
267 
268 
270 
267 
257 
271 
169 
166 
210 
222 
207 
193 
204 
204 
210 
197 
203 
152 
153 
134 
130 
184 
192 
178 
177 
140 
138 
144 
147 
144 
83 
87 
77 
80 
74 
66 
67 
71 
136 
133 
139 
139 
136 
141 
134 
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Table 5 (continued). 
Host 
plant 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
Aphid 
A.pomi 
A.pomi 
A.spiraephage 
A. craccae 
A. violae 
A.frangulae 
A.farinosa 
A. vandergooti 
A. grossularia 
A. taraxacicola 
A. avicularis 
A. urticala 
A. Schneideri 
A. sarothamni 
A. idaei 
A. epilobiaria 
Morph 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous oviparous 
apterous oviparous 
apterous male 
apterous male 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
alate viviparous 
apterous viviparous 
apterous viviparous 
alate viviparous 
alate viviparous 
apterous oviparous 
apterous oviparous 
alate male 
1 
488 
720 
800 
744 
608 
544 
752 
704 
632 
584 
720 
496 
1160 
704 
832 
808 
656 
624 
800 
752 
1024 
968 
704 
696 
584 
704 
528 
552 
672 
424 
784 
768 
888 
792 
640 
544 
736 
608 
808 
672 
800 
528 
1344 
1112 
1088 
2 
288 
328 
408 
360 
328 
264 
488 
336 
248 
352 
392 
272 
552 
384 
464 
496 
376 
304 
448 
448 
472 
624 
352 
344 
288 
400 
256 
360 
392 
192 
488 
416 
504 
552 
360 
336 
384 
272 
488 
368 
456 
296 
736 
616 
520 
3 
0.59 
0.46 
0.51 
0.48 
0.54 
0.49 
0.65 
0.48 
0.39 
0.60 
0.54 
0.54 
0.48 
0.55 
0.56 
0.61 
0.57 
0.49 
0.56 
0.60 
0.46 
0.64 
0.50 
0.49 
0.49 
0.57 
0.48 
0.65 
0.58 
0.45 
0.62 
0.54 
0.57 
0.70 
0.56 
0.62 
0.52 
0.45 
0.60 
0.55 
0.57 
0.56 
0.55 
0.55 
0.48 
4 
122 
120 
118 
122 
120 
118 
156 
168 
157 
88 
93 
89 
103 
100 
123 
117 
122 
115 
120 
122 
121 
123 
159 
163 
162 
155 
149 
100 
105 
107 
127 
123 
127 
126 
114 
116 
151 
157 
116 
112 
105 
107 
157 
154 
154 
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Figure 7. Transverse sections of the descending intestine of Aphis sambuci (S), A. grossularia (T), 
A.farinosa (U), A. rumicis (V),A. spiraephaga (W), the rectum of A. vandergooti(X), and the epider-
mal invagination of A. taraxacicola (Y). For list of abbreviations see page 51. Bar represents 10 
um. 
indented by the rods or pushed against the cell wall, or the rods are partially 
bent around the nucleus. In the cells of the second region of the intestine the 
rods are longer than in the other midgut cells, which are proportionally smaller. 
Individuals of some of the species either lack rods in the entire midgut, or in 
one of the four regions of the midgut, or have rods in a large number of midgut 
cells. In some specimens oï A.farinosa the midgut cells contain numerous rods, 
independent of morph. Smaller rod-shaped bodies, varying from 4 to 13 urn 
in length and with a diameter of 0.32 urn, sporadically occur inside the midgut 
cells of A. euonymi, A. gossypii, A. nasturtii, and A. praeterita (Figure 51).Both 
types of rods have not been observed in the lumen of the gut, the triplet cells, 
or the haemocoele. In ultra-thin sections, Schäfer and Danneel (1972a) found 
paracrystalline structures in the nucleus and the cytoplasm of the stomach cells 
olA.fabae. 
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The rectum begins in the seventh abdominal segment and is made up of small 
columnar cells (Figure 7X). Both dorsally and laterally the muscular coat of 
the posterior end of the descending intestine and that of the rectum is connected 
to the abdominal body wall by visceral muscles, which previously were described 
as 'nucleated membranes' (Ponsen, 1983). These muscles are inserted at the junc-
tion of the sixth and seventh, and seventh and eighth tergites, among the inser-
tions of the dorsal median longitudinal muscles. Only in one specimen of A. 
newtoni these muscles are also connected with the columnar cells of the marginal 
tubercle on the seventh abdominal tergite. 
The rectum joins an epidermal invagination, which consists of squamous cells 
that secrete a chitinous intima (Figure 7Y). In transverse sections the structure 
of this invagination is identical to that of the foregut (Figure 6P). The invagina-
tion opens to the exterior via the anal opening (Figure 2) which is situated ventral 
to the cauda, through which the excrement (honeydew) of the aphid is passed 
(van Leeuwenhoek, 1696). In A.fabae, Kunkel (1972) observed, that the abdo-
men is raised first and then a drop of liquid honeydew is excreted, which is 
kicked off with considerable force by the distal part of the tibia of one of the 
hindlegs. 
The anus is opened by six dorsal muscles. They arise on the dorsal abdominal 
wall, at the junction of the eighth and ninth tergites, and pass downward to 
their point of insertion on the middle of the dorsal wall of the epidermal invagi-
nation. Two pairs of lateral muscles that close the anus originate at the junction 
of the seventh and eighth sternites, just lateral to the gonopore, and are inserted 
on the dorsolateral and ventrolateral walls of the anus, respectively (Figure 5B 
in Ponsen, 1990). A similar muscular construction controlls the pharyngeal 
valve, which is opened by two pairs of dorsal divaricator muscles, and closed 
by the contraction of the lateral pharyngeal valve muscles (Figure 8 no. 11 and 
12 in Ponsen, 1972). 
In those species of Aphis, in which the transition from the stomach to the 
intestine is marked by a sharp loop (Table 4; Figure 8A, V), the first region 
of the intestine is about one and a half times as long as that of aphids belonging 
to the remaining types of transition (I-IV). The second region of the intestine 
with an additional loop (Figure 8A, III-V) is about twice as long as that without 
an additional loop (I-II). The total length of the gut of type I and II is about 
twice that of the body, in aphids with types III and IV it is about two and a 
half times, and in aphids with type V about three times (Figure 8B). The latter 
ratio has been previously observed in A. pomi (Ramdohr, 1811) and A.fabae 
(Dufour, 1833), both of which have guts with type V. 
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Figure 8.A. Schematic representation of the transition from the stomach to the intestine and the 
number of intestinal loops in the several species of Aphis. Roman numerals I-V correspond with 
those in Figure 2 and Table 4. B. Diagram of actual sizes of the digestive system. For list of abbrevia-
tions see page 51. 
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Discussion 
Morphologically the digestive system of the species of Aphis investigated is simi-
lar to that of .4./wmz(Ramdohr, 1811), A.fabae (Dufour, 1833; Weber, 1928), 
A. sambuci (Witlaczil, 1882), and A.frangulae complex (Roberti, 1946). It con-
sists of a foregut, a dilated stomach, an intestine with an abdominal loop and 
an additional loop in the second region of the intestine, and a hindgut (Figure 
2e). However, in all Aphis species investigated the hindgut is of endodermal ori-
gin and an extension of the midgut, and therefore more correctly called a descen-
ding intestine. Moreover, in the above mentioned aphids the transition from 
the stomach to the intestine is marked by a sharp loop (Figure 8A, V; Table 
4). Further, that the configuration of the digestive systems of both apterous 
and alate viviparous females, oviparous females, and males of A.frangulae com-
plex are identical (Roberti, 1946). Similar results are observed for A. tripolii 
and some of A. farinosa (Table 4); in the latter an additional loop was absent 
in eight out of sixteen males. 
As illustrated by Witlaczil (1882), the digestive system of Aphispelargonii Kal-
tenbach is identical to that of Aphis species (Table 4), of which the intestine 
runs from the stomach to the ventral surface of the aphid and then posteriorly 
to the abdominal loop (Figure 2c and 8A, III). A. pelargonii is synonymized 
with Acyrthosiphon malvae (Mosley) by Eastop and Hille Ris Lambers (1976). 
Although A. malvae itself was not investigated, the transition from the stomach 
to the intestine in Acyrthosiphon caraganae (Cholodkovsky), Acyrthosiphon loti 
(Theobald), and Acyrthosiphon pisum (Harris) is marked by a sharp loop and 
there are two additional loops in the second region of the intestine. From this 
it can be concluded that Witlaczil's (1882) 'Aphis pelargonii' does not belong 
in the genus Acyrthosiphon. So if the synonymy of Eastop and Hille Ris Lambers 
(1976) is correct, Witlaczil studied another species of Aphis. 
Detailed histological studies performed by Weber (1928) for A.fabae and 
by Roberti (1946) for A. frangulae complex showed that all the epithelial cells 
of the stomach secrete by constricting of the apical cell parts (apocrine secretion). 
On the other hand, in A. sambuci, A. armata, A.fabae, and A. salicariae the 
anterior region of the stomach consists of columnar cells with an apocrine secre-
tion, and the posterior region of cuboidal cells with a merocrine secretion (Figure 
3 and 4). In the rest of investigated Aphis species (Table 2) the stomach is lined 
with either triangular or cuboidal cells that produce only a merocrine secretion 
(Figure 5). 
According to Saxena and Chada (1971) the stomach cells of adult Schizaphis 
graminum (Rondani) consists of two forms, viz. large columnar cells and small 
basal or regenerative cells. The secretion of the columnar cells is of the holocrine 
type which involves the complete destruction of the whole cell. The regenerative 
cells form new cells to replace the detached columnar cells. However, in Schiza-
phis graminum, and Schizaphis longicaudata Hille Ris Lambers feeding on Pha-
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laris arundinacea, all the stomach cells are triangular with a merocrine secretion. 
According to Eastop (1977) and Stroyan (1984) only a few aphids are polypha-
gous, viz. Aphis fabae, Aulacorthum solani (Kaltenbach), Macrosiphum euphor-
biae (Thomas), Myzus ascalonicus Doncaster, M.persicae, Aphis gossypii, Aphis 
nasturtii, A.frangulae, and Myzus ornatus Laing. The first five species have stom-
ach cells with both a apocrine and a merocrine secretion (Figure 3 and 4), where-
as in the next three species all stomach cells have a merocrine secretion (Figure 
5); the last species has not been investigated. Within the genera mentioned above 
Macrosiphum albifrons Essig, M. rosae (Linnaeus), and Myzus cerasi (Fabricius) 
have only merocrine secretory cells in their stomach. Moreover, the stomach 
of Aulacorthum (Neomyzus) circumflexum (Buckton), Hyalopterus amygdali 
(Blanchard), and H. pruni (Geoffray) have both apocrine and merocrine cells. 
From this it can be concluded that aphids which have two types of secretory 
cells in their stomach, are able to feed on plants in many different families. On 
the other hand, the investigated species of the families Adelgidae, Anoeciidae, 
Drepanosiphidae, Chaitophoridae, Greenideidae, Lachnidae, Mindaridae, and 
Thelaxidae, the stomach cells of which produce only one type of secretion 
(Ponsen, 1987), are monophagous (Eastop, 1977). However, the stomach of 
Phloeomyzus passerinii (Signoret) is lined with two types of secretory cells 
(Ponsen, 1982) which probably indicates it has the potential to become polypha-
gous. 
The hindgut is the continuation of the second region of the intestine and histo-
logically there are two types: an ectodermal hindgut and an endodermal hindgut 
or descending intestine. The ectodermal hindgut is lined with simple squamous 
epithelium with elongated or elliptic nuclei. These cells contain irregular vesicles; 
their apical cell membrane shows deep irregular indentations in various direc-
tions. Waxy froplets that originate from fat cells pass from the haemolymph 
into the hindgut cells and are subsequently secreted into the gut lumen where 
the waxy droplets mix with the honeydew. Genera with an ectodermal hindgut 
are listed in Table 6. The descending intestine consists of either cuboidal or trian-
gular cells with a more or less spherical to oval nuclei, cytoplasmic vacuoles, 
and a very thin apical striated zone (Figure 7). In dissections, both the ectoder-
mal hindgut and the descending intestine are transparent, sac-like structures 
with vigorous peristaltic movements generated by circular and longitudinal mus-
cles. 
The transition from intestine to the ectodermal hindgut is lined with both 
endodermal and ectodermal epithelium, so arranged that the endodermal cells 
are situated on the side adjacent to the stomach and the squamous ectodermal 
cells on the opposite wall of the hindgut (Figure 9B). The endodermal cells are 
a continuation of those of the intestine and the number gradually decreases until 
the hindgut consists of only squamous cells. In species with an endodermal hind-
gut ( = descending intestine) the transition from the second region of the intes-
tine to the descending intestine is marked by a gradual increase of 2-4 strongly 
vacuolated intestinal cells (Figure 9A) followed by an abrupt change to the typi-
cal cellular structure of the descending intestine (Figure 7). Species belonging 
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Figure 9. Schematic transverse serial sections 1-8 illustrating the transition from the second region 
of the intestine to the endodermal hindgut or descending intestine (A) and from the second region 
of the intestine to the ectodermal hindgut (B). Arrow in Figure 8 indicates the plane through which 
the transverse serial sections 1-8 have passed. For list of abbreviations see page 51. 
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Figure 10. Diagrams illustrating the digestive system of the Adelgidae (A), Thelaxidae (B), Chaito-
phoridae (C), and Anoeciidae (D). In the Adelgidae the stomach lies in the middle of the aphid 
(E), whereas in the Thelaxidae, Chaitophoridae, and Anoeciidae it is situated centrally in the dorsal 
part of the aphid (F-G). For list of abbreviations see page 51. 
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to the families Adelgidae, Thelaxidae, Drepanosiphidae, Chaitophoridae, Gree-
nideidae, and Anoeciidae (Ponsen, 1990) all have a descending intestine similar 
to that of Aphis. 
According to Hille Ris Lambers (1964) and Heie (1967) the Adelgidae is the 
oldest family of the Aphidoidea. Their digestive system consists of a short fore-
gut, a tubular stomach situated in the middle of the aphid, and a descending 
intestine. The first region of the intestine lies in a direct line with the stomach 
(Figure 10A). In the Thelaxidae the tubular stomach is situated centrally in the 
dorsal surface of the aphid, whereas the intestine runs from the stomach directly 
to the ventral surface of the aphid and continues posteriorly to the abdominal 
loop (Figure 10B). The digestive system of the Chaitophoridae (Figure IOC) 
is similar to that of the Thelaxidae, only in the Chaitophoridae aphid genera 
occur with or without an additional loop in the second region of the intestine, 
as well as within the species, as within one aphid species (Ponsen, 1983). In the 
genus Aphis all investigated species (Table 1) have a dilated stomach situated 
in the dorsal surface of the aphid. Moreover, they have an endodermal hindgut 
similar to that of the previously mentioned families (Figure 7). 
The most characteristic structure of the digestive system of Aphis (Table 4) 
is the transition from the stomach to the intestine (Figure 8A), which has evolved 
from the type (I and III) observed in the Thelaxidae and Chaitophoridae, via 
a weak loop of intermediate form (II and IV) to the evolutionary final form, 
which is marked by a sharp loop (V). On the basis of the structure of the digestive 
system it can be concluded that the genus Aphis differs from other genera in 
the family Aphididae sensu Borner (1952) in that the transition from the stomach 
to the intestine is marked by a sharp loop (Table 6) and they have an ectodermal 
hindgut, except Anuraphis, Brachycaudus, Plocamaphis, and Pterocomma, which 
have an endodermal hindgut or descending intestine. 
As suggested by Heie (1967) the genus Aphis is related to Parachaitophorus, 
which does resemble a thelaxid. The genus Parachaitophorus belongs to the Chai-
tophorinae ( = Chaitophoridae of Borner), a subfamily of the Drepanosiphidae 
( = Callaphididae of Borner) (Heie, 1980). Although the structure of the di-
gestive system of Parachaitophorus is unknown, the genus Aphis is presumably 
more closely related to the Chaitophoridae than to the Thelaxidae. In the Chai-
tophoridae genera occur with or without an additional loop in the second region 
of the intestine as well as within the species as within one species (Figure 10). 
An identical phenomenon occurs in A.farinosa feeding on Salix (Table 4; Figure 
2). 
The genus Anoecia is placed by Heie (1980) in a separate family, the Anoecii-
dae. The digestive system of Anoecia consists of a foregut, a dilated stomach 
lying centrally in the dorsal surface of the aphid, and a descending intestine 
(Figure 10). The transition from the stomach to the intestine is marked by a 
sharp loop, and in one of the three species investigated there occurs an additional 
loop in the second region of the intestine (Ponsen, 1987). On the basis of the 
structure of the digestive system it is suggested that the Aphis-group, as well 
as the Anoeciidae have evolved from a chaitophorid-like ancestor. Thus either 
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Table 6. List of aphid genera belonging to the family Aphididae of which the transition from the 
stomach to the intestine is marked by a sharp loop (Fig. 8A, V) and the hindgut is of ectodermal 
origin. 
Genus 
Acyrthosiphon 
Amphorophora 
Aulacorthum 
Brachysiphum 
Brevicoryne 
Cavariella 
Cryptosiphum 
Diuraphis (Holcaphis) 
Dysaphis 
Hayhurstia 
Hyadaphis 
Hyperomyzus 
Idioplerus 
Illinoia ( Masonaphis) 
Impatientinum 
Liosomaphis 
Lipaphis 
Longicaudus 
Macrosiphoniella 
Macrosiphum 
Number of 
species studied 
3 
1 
2 
2 
5 
3 
Genus 
Megoura 
Metopeurum 
Metopolophium 
Microlophium 
Myzus 
Nasonovia 
Ovatus 
Pentatrichopus 
Phorodon 
Pleotrichophorus 
Rhopalomyzus (Judenkoa) 
Rhopalosiphum 
Sitobion 
Tubaphis 
Uroleucon 
Xerophilaphis 
Acaudinum 
Capitophorus 
Cryptomyzus 
Hyalopterus 
Number of 
species studied 
2 
3 
1 filtersystem 
1 filtersystem 
2 filtersystem 
2 (filtersystem) 
the Aphis-growp and the genus Anoecia together constitute a family, or they 
are two separate but closely related families. 
Summary 
The alimentary tract of species of Aphis begins with the food canal in the maxill-
ary stylets and passes subsequently into the pharyngeal duct, valve, and pump. 
The gustatory complex comprises 18 sensillary pores. The pharyngeal pump 
continues into a foregut, which opens into a dilated stomach via the oesophageal 
valve. The anterior region of the stomach of Aphis sambuci, A. armata, A.fabae, 
and A. salicariae consists of apocrine columnar cells and the posterior region 
merocrine cuboidal cells. In other Aphis species the stomach is lined with either 
triangular or cuboidal cells with a merocrine secretion. From the stomach the 
intestine runs either directly to the ventral surface of the aphid and continues 
posteriorly to the abdominal loop, or the transition is marked either by a weak 
loop, or by a sharp loop. The second region of the intestine has one additional 
loop, except in some A.farinosa males, and contains groups of three small cells 
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(triplets) among the strongly vacuolated intestinal cells. The descending intestine 
opens into the rectum, which terminates at the anal opening. The latter is con-
trolled by six dorsal muscles and two pairs of lateral muscles. The structure 
of the digestive system of Aphis is different from that of several other genera 
of the family Aphididae but similar to that found in the family Anoeciidae. It 
is proposed that Aphis placed in an isolated position within the Aphididae. 
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Abbreviations used in figures 
al 
ao 
ce 
cl 
clb 
co 
CU 
di 
die 
e 
ei 
epe 
f 
il 
i2 
in 
is 
lb 
ugo 
mt 
M2 
M4 
Mi l 
ne 
ov 
pee 
php 
phpr 
r 
rb 
ree 
sep 
si 
st 
abdominal loop 
anal opening 
compound eye 
elypeus 
clypeo-labrum 
siphunculus (cornicle) 
cuticle 
descending intestine 
descending intestine cell 
epipharynx 
epidermal invagination 
epidermal cell 
foregut 
first region of intestine 
second region of intestine 
intima 
intravalvular space 
labrum 
lateral lobe of epipharyngeal gustatory organ 
marginal tubercle 
circular muscle fibres 
divaricator muscles 1,2, 3,4, 5, and 6 
longitudinal muscle fibres 
neuron 
oesophageal valve 
perineurium cell 
pharyngeal pump 
pharynx protuberance 
rectum 
rodshaped body 
rectal cell 
sensillum pore 
stellate invagination 
stomach 
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tb 
tl 
to 
tpc 
tentorial bar 
thoracic loop 
triommatidion 
triplet cells 
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